The Federalist Papers stand out as an excellent proving ground in the field of authorship attribution, being nowadays considered a breaking issue in literary detection. The crucial point of the Federalist Papers is the set of the Disputed Papers, twelve articles traditionally attributed either to Alexander Hamilton or James Madison. This authorial obscurity, together with the existence of undisputed samples, surely explains the proliferation of studies trying to spot the hand responsible for the Disputed Papers, particularly throughout the second half of the 20th century, both with traditional and non-traditional approaches. Since the publication of Mosteller and Wallace's masterpiece, there has been a consensus as to consider them exclusively Madisonian (Mosteller & Wallace 1963: 300; 1964: 16). Notwithstanding this incessant activity on the Federalist Papers as a test probe for authorial purposes, the use of Burrows' Delta is still deemed a desideratum in the field, a technique proposing that the salient features which characterize an author's style can be obtained from the hierarchy of the most common function words (Burrows 2002: 267-87; 2003: 5-32). The present paper then proposes the testing of Burrows' model in a twofold version: a) modified Delta; and b) simplified Delta. The results come to corroborate the lexical differences between Hamilton and Madison, a fact allowing us to validate the hypothesis of the Madisonian composition of the Disputed Papers, exception being made of Paper 55.
INTRODUCTION
The present contribution has been conceived with the following objectives, i.e. the authorship attribution of the Disputed Federalist Papers and the testing of Burrows' Delta methodology on them. The Federalist Papers consist of 85 anonymous journalistic contributions written as propaganda to indoctrinate the New York citizens in favour of the American Constitution. Of these, 51 papers are by Alexander Hamilton, 14 by James Madison, 5 by John Jay whilst 3 are the result of the joint contribution of Hamilton and Madison. However, the moot point is the set of the Disputed Papers, 12 pieces claimed either by Hamilton or by Madison, thereby becoming a recurrent topic in the field of authorship attribution.
The relevant literature is abundant, both from historical and authorial perspectives (Adair, 1944a: 98-122; 1944b: 235-64 ). Mosteller and Wallace have reviewed the historical approaches to the Federalist Papers in a monograph that has eventually become a masterpiece for reference in the field (Mosteller and Wallace, 1964: 2-6) . A number of seminal papers have been thenceforth published by scholars and statisticians attempting to find the Holy Grail with new statistical models, many of which come to validate Mosteller and Wallace's conclusions about the Madisonian composition of the Disputed Papers (Mosteller and Wallace, 1963: 306; 1964: 263-65) , though some doubts are cast on Paper 55, deemed more Hamiltonian (Mosteller and Wallace, 1963: 286; Tweedie, Singh and Holmes 1996: 6) . Most of these studies are based, for convenience and opportunity, on lexical variables on the assumption that the words are the most accessible items for an objective analysis with the least human manipulation. Accordingly, they have been approached from different perspectives, i.e. word length, sentence length, verb-adjective ratio, punctuation style, typetoken ratio, function words, etc. (Miranda-García and Calle-Martín, 2008: 155-57) .
The Federalist Papers have not escaped the attention of the new approaches stemming from computer-assisted research, i.e. artificial neural networks (Kjell, 1994: 119-24; Tweedie, Singh and Holmes 1996: 1-10) , supportive vector machines (Diederich et al., 2003: 109-23; Fung 2003: 1-8) , genetic algorithms (Holmes and Forsyth, 1995: 111-27) or linear discriminant analysis (Baayen et al., 2002: 1-7) , to mention some of the most innovative. However, as far as we have been able to investigate and notwithstanding Diederich's words on the topic (Diederich et al., 2003: 111) , the application of Burrows' Delta to the Federalist Papers is still a desideratum.
Delta was first presented at the 2001 ACH-ACLLC in New York (Burrows, 2003) and a saga of publications has thereafter proliferated assuming that the lexical salient features that characterize an author's style can be obtained from the rating of a hierarchy of the most common words (particularly function words), if compared with those in a model corpus. Like other methods in computational stylistics, Delta seeks to assess these numerical differences in word frequency as an authorship test designed "to complement principal component analysis (p.c.a) […] and to consolidate it in the role for which it is best suited, in the middle stages of (Burrows, 2003: 11) , with the difference that no predetermined distinction is made between content and function words 1 .
This study has been accordingly organised into four different sections. The second deals with the methodological procedure followed; the third accounts for modified Delta and its results when applied to the Federalist Papers; the fourth section presents the simplified version of Delta followed by an evaluation of the results; our conclusions are summarized in section 5.
METHODOLOGY
In light of these premises, the main task is to compare each paper in the test corpus against the members of the main corpus (authorial corpus), which contains articles by (a) Hamilton, (b) Madison, and (c) Jay along with Hamilton and Madison's Joint Papers. For the purpose of compiling both corpora for the experiment, the 85 Federalist Papers are downloaded from the Gutenberg Project website 2 , and saved as .txt individual files which are stored in folders H Next, all the files are processed with WordSmith Tools 5.0 (Scott, 2009 ) to generate a frequency word-list 4 , from which the 100 most common words are retrieved in terms of their representativeness (accounting for 59% of the words in the main corpus). Thus, we have considered Burrows' estimation that a 150-word list is unusually long and that the 60 most common words would suffice for the purpose (Burrows, 2003: 11) . Table 1 reproduces the frequency hierarchy of the 100 most common words, either function or content words (the latter in italics), which are in a ratio 3:1, the first content word states being ranked as the 28 th .
The last word in the hierarchy is first with 1.19 occurrences every thousand words. This rank sharply contrasts with Burrows' hierarchy wherein at least the 50 topmost common items are all function words. Although previous experiments have been carried out with function words (Ellegärd 1962; Miranda-García and Calle-Martín 2005: 49-66; Mosteller and Wallace, 1963: 275-309; 1964: 16-91) , the present insight has been accomplished without this restriction. The third step is the adoption of some preliminary measures as for the range and composition of the corpora. The main corpus must comprise Papers by H and M since they are the disputing authors, though those by JAY and JOI are also included for comparison and illustrative purposes. The test corpus, in turn, must necessarily include the Disputed Papers. However, in our first experiment the test corpus also contains some Papers by H and M to check whether they are assigned to their right counterparts in the main corpus. This modification requires that no paper can be included in both corpora. To accomplish this and to minimize the effect of text-length dependency, the H corpus is randomly partitioned into three blocks of a similar length to M corpus (N=41005), called for short H-I (N=37162), H-II (N= 38672) and H-III (N= 35658), and their lexical richness is measured with Zipf's Z (Tweedie and Baayen, 1998: 331) H28, H68, H21, H67, M14, M37, M41, M42, M43, M47, M48) , JOI, JAY H22, H34, H80, H21, H67, H85 M38, M39, M40, M44, M45, M46 D49, D50, D51, D52, D53, D54, D55, D56, D57, D58, D62, D63 Simplified Delta H, M, JAY, JOI D49, D50, D51, D52, D53, D54, D55, D56, D57, D58, D62, D63 The fifth task which implies the actual computation for Delta involves the accomplishment of the following operations: (a) score each word in its own sub-corpus or Paper; (b) z-score each word (difference of the rate for each word to the mean of the main corpus, µ, divided by the standard deviation, σ) to represent the divergences from the mean of the main corpus yielding comparable figures for all the words in a hierarchy; (c) find the difference of the z-score for each word in the texts being compared as each one in the testing corpus is, in succession, measured against the ones constituting the main corpus; (d) add the absolute values of the differences and average them (dividing by 100) to obtain the Deltascore, which is formally defined by Burrows as "the mean of the absolute differences between the z-scores for a set of word-variables in an authorial text-group and the z-scores for the same set of word-variables in a target set " (2003: 13) .
The figures in the score columns indicate the percentage that the occurrences of this word represent within its own corpus. The score for the is 9.622 in H- II, 8.290 in H22 and 8.145 in M38 whilst its mean and standard deviation in the main corpus are 9.175 and 1.475, respectively. Their respective z-scores (.303, .294, -.600, and -.698) result from subtracting the mean of the main corpus to their scores, and from dividing the difference by the standard deviation. The two rightmost columns hold the absolute values of the difference between the z-scores: .903 and .992 when H22 and M38, respectively, are compared against H-II and M-III. The absolute differences are added and averaged out at the bottom. Thus, the resulting values are .996 and 1.326, respectively, as shown in Table 4 . The procedure in our second experiment is the same but the z-scoring is skipped on the assumption that the difference of the scores in the frequency hierarchy may provide remarkable differences once added and averaged out, in opposition to Burrows' opinion that "it must be derived from z-scores and not from original text-percentages" (Burrows, 2003: 13) . This simplified version of Delta was inspired by Hoover, who anticipated that "the results are slightly less accurate" (Hoover, 2004b: 480) .
MODIFIED DELTA: RESULTS AND ANALYSIS
The computations are carried out in an Excel spreadsheet and the results summarised in Table  5 , wherein the first row contains the names of the members of the main corpus and the first column the names of the 24 Papers tested. Thus, each Paper in the test corpus is compared against those in the main corpus and the value for standard Delta is shown in the intersection: .996 and 2.202 in the first row indicate that H-II and JOI are the most and least unlike H22; contrariwise, when read horizontally, .996 in the first row and 2.386 in the 14 th row indicate that H22 and d50 are, respectively, the least and most unlike H-II.
From the values of Δ, the corresponding µ and σ are calculated to obtain Δz (the difference of each Δ to µ, divided by σ). The Papers are then arranged in terms of increasing Δ. For space, the results of only twenty are shown in Table 6 . In the particular case of H22 (the three leftmost columns), H-II is ranked as the least unlike, followed by H-IV, M-III, and JOI is the most unlike, preceded by JAY. Likewise, in the study measuring the likeliness to H80, M-III is considered the least unlike, followed by H-II, H-IV, while JAY is the most unlike, preceded by JOI.
The results indicate that in the six studies comparing H Papers (H22, H33, H80, H21, H67, and H85) with the main corpus, H-II is ranked as the least unlike five times whereas M-III is thus ranked once (H80), as plotted in Figure 1 . As expected, the two bottommost positions, which indicate the greatest unlikeness, are occupied by JOI (five times) and JAY (once). Similarly, when M38, M39, M40, M44, M45, and M46 are studied, M-III is ranked as the least unlike five times whilst H-II is thus considered once (M38), as plotted in Figure 1 . JOI and JAY are ranked as the most unlike.
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Finally, in the Disputed Papers, M-III is top-ranked eleven times and only H-II is taken as the least unlike when compared to D55, as plotted in Figure 2 . As in the case of M Papers, JOI and JAY are the most unlike.
In summary, 21 out of 24 papers are correctly attributed, which means that the experiment is successful in 87.5% of the cases, confirming the validity of Delta for authorial attribution. If the assignment of D55 to H is taken as valid in line with the findings of other researchers (Mosteller and Wallace, 1963: 306; Tweedie, Singh and Holmes, 1996: 6) , the rate of success will rise to 91.66%. However, a less successful rate (41.67%) is obtained when the members of the main corpus are the individual papers in H- IV (H8, H28, H68, H21, H67, M14, M37, M41, M42, M43, M47, M48, M58) , but it rises to 62.5% when they are grouped in three's (one in two's): H-1 (H8, H28, H68), H-2 (H21, H67, H85) , M-1(M10, M14, M37), M-2 (M41, M42, M43), and M-3 (M47, M48) . This points to the fact that the larger the text-length of the members in the main corpus, the greater the success of Delta in relating plausible likeness. Table 6 . Ranking of least unlikeness (standard Δ) 
SIMPLIFIED DELTA: RESULTS AND ANALYSIS
As indicated in the section of methodology, in this experiment H, M, JOY and JAY constitute the main corpus whereas the test corpus is formed by the Disputed only, the frequency hierarchy being kept intact. In addition, the z-scoring step is skipped. Table 7 . Reduced work-sheet for simplified Delta
In this line, the rates for each word in the frequency hierarchy are first calculated for all the files in the main and in the test corpus, as shown in the four leftmost columns of Table 7 , holding an abbreviated list. The rates for the in H, M, D49, and D50 are 9.238, 10.035, 10.749, and 8.976 , respectively. Then, the difference is calculated between the rates for each word in the two archives being compared. The column H-D49 contains the absolute value for the difference between H and D49, and the same holds for the columns to the right. The absolute difference for the is 1.511, .263, .713, and 1.060 when H and then M are compared with D49 and D50. The same procedure is repeated with the values for all the files in two's. Next, the absolute values for the differences are added and averaged out as shown in Table 8 It may be tentatively concluded that the smaller the difference with respect to H/M, the more likely that such a disputed paper can be considered more Hamiltonian or Madisonian, respectively, and vice versa. Accordingly, the results point to the direction that both D49 and D50 can be taken as more Madisonian on account of the least difference found (.157<.184; .234<.245), confirming thus previous attributions in this line. A summary of the results is shown in the left side of The analysis of the data allows us to conclude that the differences, except in the case of D55, are smaller with respect to M than to H. In addition, the latter are smaller than those with respect to JAY or the JOI, as plotted in Figure 3 below (100 items). These results represent a successful clustering of 91.63%.
In view of these figures, one can tentatively state that the Disputed Papers are less Hamiltonian than Madisonian, and that JAY is the most unlike (if compared to H or to M). In fact, the values for JOI are between H and JAY, something reasonable on account of their joint provenance. However, D55 seems to diverge from the other Disputed Papers inasmuch as it turns out to be less unlike H than M and more similar to JAY than to JOI. Against this evidence, grounded reasons must be sought to establish an irrefutable argument, if any, to justify this change, which has been the common tendency in all the studies of this paper. Therefore, further investigation is needed to explain this textual anomaly or otherwise to attribute the authorship to Hamilton.
To eliminate any fortuitous concurrency of favourable data, the same experiment has been replicated relying only on the values for the topmost 5, 25, 50 and 75 words ( Table 8) . The results agree with those for the whole set of words, as plotted in Figure 4 (only the 5 topmost words). Likewise, it seems appropriate to replicate the experiment again by disregarding the content words from the analysis. For this purpose, the following content words have been ruled out : states, government, state, people, power, constitution, union, same, national, federal, new, great, authority, public, general, powers, time, executive, united, men, part, body, members, number . The results, however, do not diverge from those obtained from the whole set as, in general terms, the values for M are lower than those for H, exception being made of D55. Likewise, the values for JAY are also greater than those for JOI which, in turn, exceed those for H or M, as expected. 
CONCLUSIONS
The main conclusion after the application of Delta to the Disputed Federalist Papers is that their attribution does not differ from other studies in the field using different methodologies or approaches. In light of the results derived from modified and simplified Delta, it has been proved that the Disputed Papers can be re-assigned to Madison, with the exception of D55, more Hamiltonian. However, the evaluation of H80 and M38 as more Madisonian and more Hamiltonian, respectively, has been held fast throughout the various Delta experiments (modified version), despite the text-size of the sub-groups under scrutiny. It is fair to mention here that no previous experimentation had been done to cluster homologous Hamilton's and Madison's papers for it involved an added difficulty, though Jay's writings are also considered for control and illustration of the differences. A statistical explanation for the Hamiltonian resemblance of D55 has been formulated in the sense that it "does not have its share of marker words, no matter who wrote the paper, and the high frequency words produced no information" (Mosteller and Wallace, 1963: 300) .
We have investigated the aetiology for the failures in D55, H80 and M38, but no plausible generalized answer has been found, despite the endless list of activities tested at word level for the purpose: the calculation of Z, the comparison of the ratings, the checking of the rank order, the accumulated scoring of the first 100 words in the hierarchy of each paper, the study of the items of the hierarchy which do not occur in each paper, the counting of hapax legomena and dislegomena, etc. It is true that some traces seem to point to the expected direction, for example the ranking order of the first 17 words in each hierarchy or the percentage accumulated by the words in the hierarchy of each paper, but it does not hold valid in all cases. Moreover, if a salient feature were found to be a reliable discriminator to solve this authorship problem, it would hardly become universal for other cases. From this, it follows that the efficiency and robustness of Delta lies in a multiple evaluation of lexical features, as the differences with respect to the model are not blurred by the whole. Then, the cases of D55, H80 and M38, with a more Hamiltonian or Madisonian profile, is an unsolved question which encourages us to deepen in their study so as to find a plausible answer by taking into account the syntactic layer or the content analysis of the papers.
The second conclusion is that Hamilton's and Madison's styles, not to mention Jay's, present remarkable differences, notwithstanding their likeness as stated above. They resemble quite alike in terms of the average sentence length (34.55 and 34.59 words respectively for Hamilton and Madison) or in terms of the average standard deviation (19.2 as opposed 20.3) according to Williams and Mosteller's counting in 1941 (Mosteller and Wallace, 1963: 6) .
However, from a lexical perspective, some divergences are found when their word hierarchies are compared or when the vocabulary richness of individual papers is measured by Z. Both the variation in lexical richness (Smith and Kelly, 2002: 412) and the changes in the rating of the most common words can be useful to establish an author's fingerprint and, paradoxically, to signal a natural evolution of style (Malyutov, 2005: 354; Somers and Tweedie, 2003: 412) .
An examination of the papers in terms of their lexical richness and of their likeness ranking allows us to discard any one-to-one correspondence between them, in the sense that the more similar the lexical richness of two papers, the less unlike the authors' styles, which may lead to a common authorship. Likewise, the rank of lexical richness does not prove to favour or avert the possibility of becoming the least unlike in the experiments with Delta: H80 and M38, which are ranked in bottom and top positions in terms of lexical richness, are not correctly associated with their homologous sub-groups listed in nearby positions. Conversely, H8 and H68 with top and bottom positions in the list of lexical richness frequently appear as less unlike.
The Federalist Papers show these differences, mostly if individually treated, even though the chronological span can be dismissed for non-existent, there is no genre change and somewhat related topics are dealt with. However, the range of unlikeness does not reach the threshold required by Burrows to apply Delta successfully in the sense that "any text we care to submit to the test must by definition be 'least unlike' some members of the group" (Burrows, 2003: 15) . For this very reason, it is remarkable that the simple rating of a few words can allow the matching of texts by the same author rather accurately.
The third conclusion derives from the application of Delta to the Federalist Papers, a time-consuming procedure notwithstanding the invaluable assistance provided by WordSmith Tools and MS Excel. Thanks to the latter, the original proposal lends itself well to the adaptations introduced to improve its efficiency and reliability, and in general terms it deserves a highly favourable assessment as a test for authorship attribution, not only quantitatively (on account of the correct associations produced) but also qualitatively, as it enables to identify the correct sub-group in the main corpus. However, the potential of Delta does not prove to be the same in the various experiments, and the success rate is found to increase from the modified version to the simplified. The initial application of (modified) Delta yields a series of results that do not allow to match homologous papers in the test corpus with those in the main one, as a strong tendency is observed to relate a great number of the tested papers (even those by Madison or the Disputed Papers) to H-II (in the main corpus). This failure is blamed on the minimum text-length that the sub-groups must have so as to convey reliability after realizing that the longer the text-length of the sub-groups in the main corpus, the greater the success in the expected likeness of the associated papers in the test corpus (from 10 correct assignments to just 21 or 22). It is obvious that the text-size increase of the sub-groups implies a reduction in their number (and of candidates), which necessarily leads to a greater success. Therefore, it seems convenient to establish a reliable text-length for the sub-groups constituting the main corpus since Burrows only advises "to set aside shorter texts" than 2,000 words (Burrows, 2003: 21) in reference to the test corpus.
Taking into account that the text-length of the members in the main corpus ranges from 29.905 (H-II) to 22.290 (M-III) through 11.335 (H-IV), it seems appropriate to estimate that 17,000 words (the average of M-III and H-IV) could be a safe threshold for them.
The fourth conclusion, stemming from modified Delta, has to do with the type of word and the size of the frequency hierarchy. Whilst Burrows' prototype employed an excessively long list of 150 most common words (function words?), which was then shortened by progressive truncations from the lower end (from 150 to 60 in five stages), our experiments have been carried out successively (a) by using the complete 100 wordlist (most common words, function and content altogether); (b) by relying on function words only; and (c) by truncating the list from below in agreement with Burrows' statement that "the top 40 or so are powerful markers of genre, doing much to delineate the different sorts of texts, the results are no longer reliable" (Burrows, 2003: 24; 28) .
Each of the three treatments, however, yields its own results, which cannot be considered as completely homogeneous, as follows: (type a) does not accurately associate H80, M38, and D55 as expected, since they are assessed as the least unlike M-III, H-II and H-III, respectively; and (type b) replicates the original results when the 25 bottom words of the complete list are ruled out, but produces new four mismatches if the 50 bottom words are not considered. In summary, the worst results are obtained by eliminating the 50 bottom words from the hierarchy.
These results confirm that our decision as for the number and type of words (function and content) in the hierarchy is not misleading or groundless. No argument can be made with respect to the number of words that amply fit within the interval 150 to 60, but a warning must be given in the matter of word-type. It is generally agreed that function words "appear to be a fertile source of discriminators, and luckily the high-frequency words are the strongest" (Mosteller & Wallace, 1963: 306) , but in the Federalist Papers the content words do not seem to produce the expected divergences found in other texts without so many features in common. Therefore, function words are bound to be most reliable unless quite similar texts and/or quite like authors are dealt with.
The fifth conclusion originates from the application of the simplified version of Delta as we seek to find out whether each disputed paper resembles Hamilton's or Madison's style more closely by comparing the rates (instead of the z-scores) for the words in the hierarchy one against the other, by adding their differences and averaging them out. This version proves successful in the task of attributing all the Disputed Papers to Madison, exception being made of D55, which seems more Hamiltonian, on account of the former's lesser simplified Delta, the figures for JOI and JAY depicting independent trajectories.
The same result is obtained when the wordlist is truncated from the bottom (in four stages of 75, 50, 25 and 5 words), or the content words are discarded from it. This finding can be understood as a proof of test validation and of the reliability of the results as they assign the same author while the wordlist is modified. In addition, that D55 is considered as the least unlike Hamilton was also a constant in the experiments with modified Delta. Therefore, we can consider this simple modality as more appropriate for dealing with closed game attributions (Hamilton's or Madison's?), although we have also analysed JAY and JOI.
It is a common practice to have the results tested again by other explanatory methods, i.e. p.c.a., to reduce the candidates to 2 or 3, and then apply an ANN or employ rare words for definitive corroboration, but this is not the case here as the results come to coincide with those of previous analyses. Moreover, the preliminary results of an on-going study-case dealing with other texts allow us to state that the method holds whenever the requirements of similar chronology, genre and topic are satisfied.
Despite our bench-work effort on computing the Federalist Papers and our constant devotion to the matter of authorship attribution, some flaws can yet be detected in our work. It is our intention to continue the research in this field by introducing the so-called Antifederalist Papers into play, both in the main and in the test corpus, on the assumption that a greater textual variety will certainly contribute to upgrade the results as well as by processing the annotated corpus of the Federalist Papers in the hope that some valuable findings will arise therefrom.
